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CHAPTER I 
INTRODUCTION 
Even before rectangular wire was introduced to the 
orthodontic field, many orthodontists have attempted to 
place torquing force on the tooth in order to control· root 
position. The control of root position has been realized 
as an important factor since the early period of 
orthodontics because it determines the degree of stability 
and occlusal function during and after orthodontic 
treatment. Many different methods, such as developing new 
appliances or techniques with auxiliaries on round wire, 
have been used to generate torquing force efficiently. 
In 1928, the standard edgewise appliance was 
presented by Dr. Edward H. Angle 6 who made the rectangular 
wire as potent torquing force delivery device in 
orthodontics. Tooth movement in three planes of space had 
become easier and could be performed more efficiently by 
using twisted rectangular wire. Since then, orthodontists 
for several decades have been using rectangular wire to 
generate torquing force which can be defined as a moment to 
control the root of the tooth. 
When torquing force 
rectangular wire within bracket, 
1 
is generated by twisted 
there must be a certain 
2 
degree of fr~edom of rotation until it binds with the inner 
surface of the lumen. This freedom of rotation could be 
expressed as ''play", deviation angle or deflection angle. 
The amount of deflection angle depends upon the size and 
shape of the wire and appliance which are working together. 
This deflection angle seems to become more important since 
the straight-wire appliance was introduced to orthodontics 
by Dr. Lawrence F. Andrew 3 in 1972. The straight wire 
concept is different from that of standard edgewise 
appliance because the torquing force could be obtained by 
the expression of brackets which certain amounts of torque 
to a specific tooth are already predetermined and built in. 
In this system, close fitness between wire and appliance is 
more required than standard edgewise in order to get the 
maximum bracket expression. 
Many studies1,.16,22,2s,2,.so have tested the 
relationship of wire and appliance, while few of them 
concerned wire geometry. As a matter of fact, the geometry 
of orthodontic rectangular wire is of great importance as 
far as the delivery of torquing force is concerned. 
However, the geometrical explanation of bevel edge wire 
within the bracket has been poorly understood so far. 
It is necessary for orthodontists to understand the 
interaction between wire and bracket for the proper control 
of torque. The purpose of this study is to investigate the 
actual dimension and the geometry of orthodontic 
rectangular wires and their 
3 
influences on the torquing 
force delivery system. The mathematical and geometrical 
explanation at binding situation of rectangular wire with 
bracket will be discussed. 
CHAPTER II 
REVIEW OF RELATED LITERATURES 
T-0rque from the rectangular wire has probably been 
one of the most important and potent forces in edgewise 
mechanics since it was introduced to orthodontics by Edward 
H. Anglee in 1916. He described the duty of the 
orthodontist is not only controlling the relations of the 
inclined planes of tooth crown but also placing their roots 
in a given normal position with the necessary development 
of alveolar bone for their support. In his pin and tube 
appliance, the close fit between the pin on the arch wire 
and the vertical tube on the band provided axial control in 
all directions. However, it not only limited the 
mesiodistal crown displacement but also required a high 
degree of skill from even the most gifted operator. So he 
transformed the pin and tube into ribbon arch appliance by 
removing the 
arch wire. 
portions of tube and separating the pin from 
In this appliance, .022 x .036 inch ribbon arch 
was utilized to transmit torquing force from the wire to 
the root. 
Allen G. Brodie 8 (1927), in reviewing the ribbon 
arch appliance, stated one of the greatest forward steps in 
orthodontic therapy, i.e., bodily movement of teeth, was 
4 
5 
introduced with the allowance of molar anchorage control on 
an additional plane of space. 
In 1928, Edward ff. Angle 6 introduced the edgewise 
appliance so that the rectangular wire could be applied 
edgewise to the brackets instead of sidewise or flatwise 
like in the ribbon arch appliance. 
Allan G. Brodie 9 in 1933, suggested the cardinal 
principles that govern torquing action as follows: 
1. If the arch wire is held so that its axis cannot 
be shifted, the result will be a root movement in 
the opposite direction. 
2. If the archwire is encouraged to travel with the 
teeth, they will tip with the apex as a pivot. 
3. Torque for~e becomes elevation or depression when 
it travels into another plane of
0
space. 
4. In the newest mechanism, with all teeth banded, 
torquing force on one tooth will result in an 
opposite torquing force on the next tooth if it 
is in the same line. 
With his principles, he stated the edgewise appliance 
enabled better control of tooth movement in all three 
planes of space but orthodontists must always keep in mind 
the tissue reaction to various kinds of forces. 
Cecil Steiners 2 , in 1953, found stainless steel in 
particular was extremely difficult to obtain in accurate 
size and uniformity with consistent degree of hardness, 
6 
stiffness and elasticity. There was a great deviation in 
qualities throughout the length of the stainless steel 
wires examined. However, a much higher degree of accuracy 
was encountered with precious metal. He also tried to 
determine a better slot size for the edgewise bracket. 
According to his conclusion, a reduction of bracket slot 
size would seem to be indicated if the quality of arch wire 
were improved. 
Erman D. Rauch 26 in 1959, explained torque itself is 
merely the twisting of the edgewise wire. Torquing force, 
he stated, is created when a wire is engaged into the 
brackets. The amount of twist in the wire did not indicate 
the torquing force delivered to the teeth because some 
force was dissipated during the transition due to the free 
rotation of wire within the bracket. 
Joseph Jarabak~ 8 in 1960, took the light force 
concept into consideration in moving tooth. From the 
biologic point of view, he said that the force derived from 
rectangular wire fitted into close-tolerance brackets 
impedes the normal biologic processes needed for a tooth 
movement free from damage to bone, cementum ,and roots even 
though this may be more efficient to control root movement 
from a mechanical point of view. Therefore, he believed a 
small amount of "play" between wire and bracket is 
necessary to allow the application of physiologic forces. 
He also found there is a torquing loss from 3 to 5 degrees 
7 
for each .061 inch wire-to-tube clearance. 
Lawrence P. Andrews 3 in 1972, developed the 
,traight-wire appliance under some criticism because of the 
assumptions made by the straight-wire theory. However, the 
concept of the straight-wire appliance has been one of the 
milestones of edgewise mechanism. In his article, six 
significant characteristics observed in a study of 120 
casts of nonorthodontic patients with normal occlusion were 
discussed. These constants have been referred to as the 
"six keys to normal occlusion". This new form of edgewise 
mechanism had several innovations such as torque built into 
the base of all the brackets, tip built into the bracket, 
and in/out positions of the teeth predetermined in the 
construction of the slotted brackets. The advantage of 
this new appliance is that the straight arch wires without 
bending can be used throughout treatment by being 
progressively larger from the first wire to the last which 
is a full size rectangular arch wire. This did not mean 
that the straight-wire concept freed the orthodontists from 
independent and creative thinking or bending wire during 
the treatment procedures. Some wire bending must be added 
for proper arch form, 
treatment. 
Raymond Thurow 3 ' 
at least at certain stages of 
in 1972, found an important 
consideration in torquing action is the use of undersized 
wires. Wires which fit the slot too precisely should never 
8 
be used to torque individual tooth. When a wire with a 
· torquing action is seated in a bracket or tube, the twist 
of the wire will tip the adjacent tooth in the opposite 
direction. On the contrary, a close fit in the slots is 
not such a problem in cases where all the teeth in an arch 
need some simultaneous torquing action. In this situation, 
the wire can be engaged in all teeth and move them 
simultaneously without adverse actions to one another. 
David Schrody28 in 1974 studied the buccal segment 
reaction to the anterior lingual root torque. He developed 
a complex system consisting of a combination of counter-
buccolingual linear, and occlusogingival linear torque, 
forces. Anteroposterior denture base displacement was not 
measured in this experiment. Countertorque force was the 
major reactive force component. In the case of active 
anterior lingual root torque, an intrusive force was placed 
on the buccal segment teeth. He found the counter torque 
in the arch wire increased from anterior to posterior 
direction, i.e., the first premolar would react, then the 
second premolar, and finally the molars. Thus he 
substantiated what ·Brodie stated concerning the necessity 
of the progressive torque posterior to the canine. 
Bernard Schwaninger 29 in 1978, stated the size 
ratio of arch wire to bracket slot has an important impact 
on third-order control. He examined the deviation angle on 
a typodont with only central incisors banded and compared 
9 
these results with the theoretical rotational angle. Exact 
dimensions would produce two degrees of theoretical 
rotational angle for an .021 x .025 inch wire, seven 
degrees for an .019 x .025 inch wire, and 12 degrees for a 
.017 x .025 inch wire all in the .022 x .028 inch slot. 
According to his data, in an .022 X .028 inch slot, the 
.021 x .025 inch wire rotated five degrees, the .019 x .025 
inch wire produced 15 degrees rotation, and the .017 x .025 
inch wire had a deviation angle of 25 degrees. He 
concluded these were caused by the manufacturers producing 
slot sizes slightly larger and wire dimensions slightly 
smaller than ideal sizes. 
Eugene Dellinger 10 in 1978, analyzed fifty wax 
setups with the aid of an optical comparator to determine 
the validity of the straight-wire appliance concept. A 
plane called the HOL line, or horizontal occlusal line was 
established according to the method used by proponents of 
the straight-wire appliance. The tangents to the 
intersection of this plane at the labial or buccal surfaces 
of the teeth were measured. These measurements may be 
thought of as planes of surface adaptation. They appeared 
in a totally inconsistent and erratic manner and 
represented such great ranges that one would say straight-
wire theory has little scientific basis. For example, the 
maxillary right central incisor showed a range of labial 
root torque within the surface adaptation plane from a 
10 
positive 8.25 degrees to a negative 10.75 degrees, or a 
range of 19.0 degrees. Most orthodontic treatment is 
undertaken with less than full size arch wires, creating an 
unfortunate lack of control between bracket and wire. The 
Jack of rigid control offered by this relationship is known 
as deviation angle or "play''. He presented deviation 
angles for arch wires in .018 and .022 inch bracket siots; 
these were based on both the nominal wire sizes and the 
worst tolerance conditions associated with the smallest 
wire sizes allowable by manufactures. 
Thomas Creekmore 1 ' in 1979, also presented tables of 
effective root torque for various bracket torque angles and 
different wire sizes used in the .018 and .022 inch slots. 
His data were supplied by Unitek Corporation of Monrovia, 
California. For an .017 x .025 inch wire in an .018 inch 
slot, Dellinger showed a deviation angle of 3.4 degrees, 
and thus 3.6 degrees effective torque angle for a bracket 
torque angle of 7 degrees. On the other hand, Creekmore 
indicated a deviation angle of 4.5 degrees, or effective 
torque angle of 2.5 degrees for a bracket torque angle of 7 
degrees. 
Eliezer Raphael 24 in 1981, measured the degree of 
angular rotation of rectangular orthodontic wires within 
the conventional edgewise buccal tubes using a rotatable 
mechanical stage on a Unitron metallograph and compared 
these with the theoretical data. He rotated various sized 
11 
rectangular wires in buccal tubes until binding occurred 
and measured the amount of rotation. Three types of buccal 
tubes were used in this study. It was found that square 
.016 inch wire did not bind in a .022 x .028 inch mandrel 
or inconel-formed tubes, whereas rotations of 11 to 23 
degrees were noted in cast tubes of this dimension. In 
this experimental study, he found that the configuration of 
buccal tubes was inconsistent ranging from egg to 
rectangular shape. 
Richard Lang 22 (1982) measured the rotation of 
rectangular wire in straight-wire appliance buccal tubes, 
using the same methods and apparatus as Raphael. The 
amount of rotation was compared to previously published 
charts, which were based on theoretical calculations. His 
experimental values were greater than theoretical values. 
He concluded rectangular wire will rotate within a buccal 
tube to varying degrees, depending upon the size of the 
wire used and manufacturer of the appliance. In other 
words, additional torsion may need to be placed in the wire 
prior to intra-oral application. 
additional torquing of the wire 
The amount of this 
will depend upon the 
manufacturer of the appliance used and will vary from tube 
to tube of the same manufacturer. 
Molina 23 investigated the actual cross sectional 
geometry of rectangular orthodontic wire and the amount of 
rotation which rectangular wires would experience within 
12 
the bracket or buccal tubes. Wires from eight different 
manufacturers were examined and specimens consisting of 
five sectional wires of each size were prepared, using 
conventional metallographic procedures. Measurement of the 
width, height and diagonal were performed. The wire 
dimensions examined were those commonly used for torquing 
purposes . Calculation of the rotation was done for both 
. 018 inch and .022 inch slot buccal tubes, assuming these 
were perfectly uniform in shape and size. According to his 
results, the amount of rotation was dependent on the size 
and shape of the wire cross section. Rectangular wires 
with smaller diagonals than theoretical, will rotate a 
greater amount than those of longer diagonals of the same 
size. There was variation in the shape of the corners of 
the orthodontic rectangular wire depending on the 
manufacturer, which can affect the efficacy of the 
appliance to produce torquing moments on the teeth. 
In 1982 Mark E. Hixson 17 evaluated the changes in 
the ability of rectangular wire to be torqued after being 
recycled with stainless steel direct-bond orthodontic 
brackets manufactured by three different companies. A 
custom-fabricated torque meter assembly was employed, and 
torque was measured as a function of angular position of 
the arch wire segment within the bracket. He concluded the 
recycling of metallic direct-bond brackets results in no 
statistically significant change in the tolerance through 
two successive recycles. However, 
13 
beveled edges of 
rectangular stainless steel arch wires were found to cause 
a greater wire-to-bracket tolerance than calculated by 
previous investigators. 
John Sebanc 30 in 1984 examined the effects of 
manufacturer tolerance for both wire and bracket in terms 
of effective torque that is delivered by an orthodontic 
appliance. This effective torque was determined as the 
or play for specific wire-bracket deviation angle 
combinations . Five edgewise brackets for both .018 and 
. 022 inch width slots were selected at random from two 
different orthodontic manufacturers. Wires of the various 
common sizes for the 
selected at random. 
were measured with a 
.018 and .022 inch slots were also 
The slot dimensions of each bracket 
traveling microscope, and the 
dimensions of each wire were measured with a micrometer. 
According to his experimental study, the measured values of 
deflection angle were always larger than the values 
calculated theoretically from the measured wire dimension 
and slot width. The difference between these two values is 
attributed to the edge bevel or rounding of the corners for 
the square or rectangular wire. The greater the edge 
bevel, the greater the deviation angle was observed. With 
increasing wire rotation in the bracket slot, the edge 
bevel effect becomes greater, which will increase the 
deviation angle. He also investigated wires of different 
14 
alloy composition: stainless steel wire from two different 
manufacturers, nickel-cobalt wire, and beta titanium. The 
edge bevel contributions to measured deviation angle for 
the stainless steel wires were higher than for the nickel-
.cobalt wires. The beta titanium wires yielded very high 
measured deflection angles because of the rounding of the 
corners. For example, an orthodontist using an .019 x .025 
inch beta titanium wire would not achieve any effective 
torque unless at least 22 degrees of additional torque was 
incorporated into the bracket-wire combination. Finally, 
he noted, the amount of effective torque will vary with the 
manufacturer's tolerances for brackets and wires and with 
the amount of edge bevel that exists on the wires. 
CHAPTER III 
MATERIALS AND METHODS 
Material 
The materials used in this study were orthodontic 
rectangular wires from eight different companies in terms 
of various sizes and alloys (Table I). For the .018 inch 
slot appliance, .016 x .022 and .017 x .025 inch were 
selected as common torquing wire sizes. 
slot appliance, .018 x .025, .019 x .025, 
For the . 022 inch 
and .021 x .025 
inch dimensions were chosen for the same reason. As far as 
alloy goes, four different types were used as follows: 
stainless steel, Co-Cr alloy, Ti-Mo alloy (TMA), and Ni-Ti 
alloy. 
Method 
Seven pieces of each size were selected at random 
from straight lengths except some wires out of preformed 
blanks (all Ni-Ti alloy, stainless steel wires from "A" 
.019 X .025 and .021 x .025 TMA from American company, 
Ormco). The wires were cut at 12 mm in length from each 
one of the selected wires. 
Once the seven sectioned wires for each size were 
obtained, they were assembled in such a way that they could 
be mounted perpendicular to the surface of the mount. 
15 
16 
In order to achieve this, a wire assembling die was made 
from Epomet molding compound (20 gm) by utilizing the 
In this process, Buehler Mounting Press (Fig.l). 
temperature ranging from 140 to 150 C. under a pressure of 
4200 P.S.I. have been kept for the optimal polymerization 
of molding compounds. With preparation of assembling dies, 
five different diameters of fine drills were chosen to 
place holes on the dies: 
1) .028 inch diameter drill for .016 x .022 inch wire 
2) .029 inch diameter drill for .017 x .025 inch wire 
3) .030 inch diameter drill for .018 x .025 inch wire 
4) .032 inch diameter drill for .019 x .025 inch wire 
5) .033 inch diameter drill for .021 x .025 inch wire 
On each assembling die, seven holes were made in such a way 
that five of them were in one direction at 3 mm apart and 
two of them were in the other direction at 10 mm apart. 
The holes were made at 4 mm in depth by using a UNIMAT-SL 
so that the wires could be held perpendicular to the 
surface of die (Fig.2). 
After the seven sectioned wires were placed in the 
holes of the assembling die, two crossing bars were bonded 
to assemble the wires by using light cure resin (Fig.3). 
Once again, Buehler-Mounting Press was used to mount the 
assembled wires on molding compound metallographically. 
Special care was taken to avoid any possible changes of the 
wire position during the mounting procedure. 
The mounted specimen, which consisted of seven 
sectioned wires of the same size, was ready for grinding 
and polishing. 
17 
Buehler Epomet III machine was used for 
precise grinding and polishing (Fig.4}. Six specimens 
were firmly held in a specimen holder and ground by the 
carbide paper discs (240, 320, 400, 600 Grit} for 5 to 10 
minutes for each grit under a pressure of 40 lb. Full 
exposure of the cross section of the wires were obtained 
from this step. 
Rough polishing was performed differently depending 
on the alloy type. For stainless steel and Co-Cr alloy, 6 
micron Metadi II diamond compound with Automet Lapping Oil 
on Texmet polishing cloth were utilized, while 1 micron 
diamond compound was additionally used for Ti-Mo and Ni-Ti 
alloy. Approximate twenty minutes were spent under 40 lb 
pressure for 6 micron and 30 lb for 1 micron diamond. 
Sharp margin of sectioned wires without burnishing was 
achieved after the rough polishing step. 
The final polishing step was performed with .05 
micron gamma Micropolish Alumina 3 on Microcloth for five 
minutes to remove fine scratches. Care was taken to 
prevent the polishing cloth from drying out. 
Once the specimens were prepared (Fig.5), they were 
wiped clean with ethanol and five of them were measured in 
width, height, and effective diagonals for clockwise and 
counterclockwise rotation with Nikon Profile Projector V-12 
at the research department of the American Dental 
Association (Fig.6,7}. Quadra-Check II, computerized 
18 
automatic reading apparatus which can measure to the 
nearest .00001 inch, was attached to Projector V-12. 
In all, a total of 1540 measurements were made at the lOOx 
magnification. 
To evaluate and analyze the geometry of the wires, 
photomicrographs were taken using a Unitron Metallographic 
microscope, model N, equipped with an Olympus OM-2 photo 
adaptor using a xenon light source (Fig.8). Direct 
photographs were also taken from the lOOx magnification 
image of the wire cross section from the Projector V-12. 
The theoretical deflection angle, assuming that the 
wire has square corners, was based on following formula 1 e: 
eq. #1 
Where: 0 
a 
b 
0 = Arc Sin----------------
theoretical deflection angle 
vertical dimension of wire (height) 
horizontal dimension of wire (width) 
c = vertical lumen dimension 
The actual deflection angle for a bevel edge wire 
was based on following formula which will be detailed on 
discussion: 
eq. #2 0 = Arc Sin 
da 
Where: O = actual deflection angle 
a= vertical wire dimension (height) 
c vertical lumen dimension 
d = length of effective diagonal 
19 
Statistically, means and standard deviations were 
calculated from the measured dimensions and the effective 
diagonals of sample wires. The bevel edge contribution of 
orthodontic rectangular wires were obtained by subtracting 
the theoretical deflection angle from the actual deflection 
angle. 
20 
TABLE I 
RECTANGULAR WIRE SAMPLES USED IN THIS RESEARCH (INCHES) 
-----------------------------------------------------------------------
COMPANY 
"A" COMPANY(l) 
AMERICAN 
ORTHODONTICS(2) 
AMERICAN 
ORMC0(3) 
WIRE 
TYPE 
STAINLESS STEEL 
(TRUE ARCH) 
.016 
.017 
.018 
.019 
.021 
WIRE 
SIZE 
X .022 
X .025 
X .025 
X .025 
X .025 
WIRE 
CODE 
AS12 
AS17 
AS18 
AS19 
AS21 
CAT. NO"'. 
221-216 
221-217 
221-218 
221-219 
221-221 
---------------------------------------------------
Ni-Ti ALLOY 
STAINLESS STEEL 
(REGULAR) 
Co-Cr ALLOY 
(MULTIPHASE) 
STAINLESS STEEL 
(STANDARD) 
Co-Cr ALLOY 
(AZURLOY) 
.016 X .022 
.017 X .025 
.018 X .025 
.019 X .025 
.021 X .025 
.016 X .022 
.017 X .025 
.018 X .025 
.019 X .025 
.021 X .025 
.016 X .022 
.017 X .025 
.018 X .025 
.021 X .025 
.016 X .022 
.017 X .025 
.018 X .025 
.019 X .025 
.021 X .025 
.016 X .025 
.017 X .025 
.018 X .025 
.019 X .025 
AN16 
AN17 
AN18 
AN19 
AN21 
AMS16 
AMS17 
AMS18 
AMS19 
AMS21 
AMC16 
AMC17 
AMC18 
AMC21 
OS16 
OS17 
OS18 
OS19 
OS21 
OC16 
OC17 
OC18 
OC19 
283-216 
283-217 
283-218 
283-219 
283-220 
856-002 
856-006 
856-009 
856-011 
856-014 
854-702 
854-706 
854-709 
854-717 
254-1622 
254-1725 
254-1825 
254-1925 
254-2125 
266-0051 
266-0052 
266-0053 
266-0054 
COMPANY 
TABLE I (CONT'D.) 
WIRE 
TYPE 
WIRE 
SIZE 
WIRE 
CODE 
21 
CAT. NO. 
----------- ----------------------------------------------------- --
AMERICAN ORMCO 
LANCER 
PACIFIC(4) 
MASEL 
ORTHODONTICS(5) 
ROCKY MOUNTAIN 
ORTHODONTICS(6) 
Ti-Mo ALLOY .016 X .022 OT16 266-0010 
(TMA) .017 X .025 OT25 266-0011 
.0175X .0175 OT175 266-0012 
.019 X .025 OT19 202-0008 
.021 X .025 OT21 202-0013 
---------------------------------------------------
Ni-Ti ALLOY 
(SENTINOL) 
STAINLESS STEEL 
STAINLESS STEEL 
STAINLESS STEEL 
(TRUE-CHROME) 
Co-Cr ALLOY 
(BLUE ELGILOY) 
.016 X .022 
.017 X .025 
.018 X .025 
.019 X .025 
.016 X .022 
.017 X .025 
.018 X .025 
.019 X .025 
.021 X .025 
.016 X .025 
.017 X .025 
.018 X .025 
.019 X .025 
.021 X .025 
.016 X .022 
.017 X .025 
.018 X .025 
.021 X .025 
.016 X .022 
.017 X .025 
.018 X .025 
.021 X .025 
ON16 
ON17 
ON18 
ON19 
LS16 
LS17 
LS18 
LS19 
LS21 
MS16 
MS17 
MS18 
MS19 
MS21 
RS16 
RS17 
RS18 
RS21 
RC16 
RC17 
RC18 
RC21 
210-0512 
210-0513 
210-0514 
210-0515 
502-162 
502-164 
502-166 
502-167 
502-168 
4999-607 
4999-609 
4999-611 
4999-612 
4999-614 
E-98 
E-311 
E-97 
E-90 
E-306 
E-345 
E-245 
E-240 
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TABLE I (CONT'D.) 
.COMPANY WIRE 
TYPE 
WIRE 
SIZE 
WIRE 
CODE 
CAT. NO. 
------------------------------------------------------------ ------
ROCKY MOUNTAIN Ni-Ti ALLOY .016 X .022 RN16 A-7005 
(ORTHONOL) .017 X .025 RN17 A-7006 
.018 X .025 RN18 A-7008 
.019 X .025 RN19 A-7009 
.021 X .025 RN21 A-7010 
T-P STAINLESS STEEL .016 X .022 TS16 381-113 
ORTHODONTICS(7) .017 X .025 TS17 381-173 
.018 X .025 TS18 381-117 
.019 X .025 TS19 381-175 
--------------------------------------------------
Ni-Ti ALLOY .016 X .022 TN16 381-171 
(REFLEX) .017 X .025 TN17 381-173 
.019 X .025 TN19 381-175 
.021 X .025 TN21 381-177 
UNITEK(8) STAINLESS STEEL .016 X .022 US16 251-622 
.017 X .022 US17 251-725 
.018 X .025 US18 251-825 
.019 X .025 US19 251-925 
.021 X .025 US21 251-125 
--------------------------------------------------
Ni-Ti ALLOY .017 X .025 UN17 297-807 
.018 X .025 UN18 297-813 
.019 X .025 UN19 297-815 
.021 X .025 UN21 297-817 
* - Catalogue number 
(1)- "A" company, P.O. Box 81247, San Diego, CA 92138 
(2)- American Orthodontics, 1714 Cambridge Ave., Sheboygan, WI 53081 
(3)- American Ormco, 1332 S. Lane Hill Ave., Glendora, CA 91740 
(4)- Lancer Pacific, 6050 Avenida Encinas, Carlsbad, CA 92008 
(5)- Mase! Orthodontics, 2701 Bartram Rd. Bristol, PA 19007-6892 
(6)- Rocky Mountain, P.O. Box 17085, Denver Colorado 80217 
(7)- T-P Orthodontics, P.O. Box 73, LaPorte, IN 46350 
(8)- Unitek, 2724 S. Peck Road, Monrovia, CA 91016 
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Figure 1 : Buehler Mounting Press 
Figure 2: UNIMAT-SL for making holes on wire 
assembling die (No . D8200). 
24 
Figure 3: Sectioned wires assembled for self standing 
prior to mounting. 
25 
Figure 4: Buehler Epomet III machine for 
grinding and polishing (N0.60-1900) . 
26 
Figure 5: Specimen with wires mounted in molding 
compound prior to measurement. 
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Figure 6: Nikon Profile Projector V- 12 with 
a specimen in placed. 
28 
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Figure 7 : Effective diagonal measured in this study 
for clockwise rotation (Unitek .019 x .025). 
Figure 8: Unitron Metallographic Microscope (model N) 
equipped with an Olympus OM-2 photo adapter, 
using a Xenon light source. 
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CHAPTER IV 
RESULTS 
Table I shows the description of rectangular wire 
samples used in this investigation. 
Table II displays nominal and measured cross 
sectional dimensions of the rectangular wires used in this 
study (inches). Measured values for stainless steel and 
Co-Cr alloy wires agreed well with the nominal sizes 
represented by the manufacturers. Most of the values were 
within .00025 inch of specified sizes except the CO-Cr 
alloys from Ormco and the Stainless steel wires from Unitek 
which were oversized either in height or width. The width 
of the .016 x .022 inch stainless steel .wires from Rocky 
Mountain were noticeably undersized. The dimensions of Ni-
Ti alloy were usually larger than the corresponding nominal 
sizes, while Ni-Ti alloys from Unitek showed significant 
undersized dimensions. Ti-Mo alloy from Ormco was found to 
have an increased height but decreased width compared to 
the manufacturer's specification. Overall dimensions of 
the orthodontic rectangular wires were oversized compared 
to the nominal sizes. 
Table III presents a comparison of theoretical 
diagonals and effective diagonals which are important 
31 
factors in 
diagonals 
determining the deflection angles. 
were from measured heights and 
32 
Theoretical 
widths of 
sectional wires assuming square edges. Effective diagonal 
is the innermost and shortest diagonal on the cross section 
of the bevel edge wire (Fig.7). In general, it was found 
that effective diagonals were smaller than theoretical 
diagonals depending on the shapes of bevel edges. Since 
TMA and Ni-Ti alloys were found to have more round corners, 
effective diagonals for these alloys were much smaller than 
those of the corresponding sizes of stainless steel or Co-
Cr alloy. The effective diagonals of Ni-Ti alloy from "A" 
Company were even greater than those of stainless steel. 
However, the discrepancies between clockwise and 
counterclockwise effective diagonals were smaller enough to 
be neglected. 
than . 00030 
The values for these discrepancies were less 
inch. Increased standard deviations of 
effective diagonals in Ti-Mo alloy, indicating various 
shapes of bevel edges within this alloy, were remarkable. 
Table IV shows the theoretical, actual deflection 
angles, and bevel edge contribution angles of orthodontic 
rectangular wires within the .018 or .022 inch nominal slot 
appliances. Obviously, actual deflection angles were 
greater than the theoretical deflection angles in all 
wires. Bevel edge 
between theoretical and 
contribution angles, the differences 
actual deflection angles, ranged 
from 0.3 to 8.7 in degrees. The smallest was from a .017 x 
.025 inch Ni-Ti alloy from "A" 
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Company and a .017 x .025 
inch stainless steel wires from "T-P" with a .018 inch 
slot, while the greatest was from a .018 x .025 inch Ni-Ti 
alloy from Unitek with a .022 inch slot appliance. Larger 
contribution angles associated with bevel edges in TMA and 
Ni-Ti alloys were observed as expected. 
Photomicrographs of orthodontic rectangular wires 
shown in cross section (32x) are displayed in Figures from 
12 to 20. Three common bevel edge shapes are compared and 
shown in Fig.12-A,B,C, which are round, cutting, and 
spurred type, respectively (80x). A photomicrograph for 
the actual binding situation of wire-bracket combination is 
in Fig.12-D (.018 x.025 inch wire and .022 slot appliance). 
Arrows indicate the two contact points with inner surface 
of the bracket slot. The importance of the effective 
diagonal of bevel edge wire on torquing force delivery is 
accentuated in this photograph. High quality of Ni-Ti 
alloy geometry from "A" Company may be seen in Fig.13-A 
of bevel edge within TMA are through E. Various types 
displayed in Fig.15-F,G,H,I and Fig.16-A. 
TABLE II 
NOMINAL AND MEASURED DIMENSIONS OF ORTHODONTIC 
RECTANGULAR WIRES (INCHES) 
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------------------------------------------------------------
WIRE NOMINAL MEASURED MEASUREp 
CODE"' DIMENSION HEIGHT(a) WIDTH(b) 
-----------------------------------------------------------
AS16 .016 X .022 .01615+.00006"'"' .02193.±_.00007 
AS17 .017 X .025 .01721.±_.00007 .02522.±_.00011 
AS18 .018 X .025 .01800.±_.00008 .02475.±_.00013 
AS19 .018 X .025 .01921.±_.00011 .02492.±_.00003 
AS21 .021 X .025 .02106.±_.00012 .02527.±_.00016 
AN16 .016 X .022 .01625.±_.00005 .02228.±_.00014 
AN17 .017 X .025 .01723.±_.00005 .02530.±_.00020 
AN18 .018 X .025 .01804.±_.00031 .02492.±_.00024 
AN19 .019 X .025 .01910.±_.00012 .02492.±_.00015 
AN21 .021 X .025 .02089.±_.00025 .02463.±_.00014 
------------------------------------------------------------
AMS16 .016 X .022 .01610.±_.00008 .02204.±_.00010 
AMS17 .017 X .025 .01730.±_.00015 .02510.±_.00030 
AMS18 .018 X .025 .01798.±_.00014 .02518.±_.00013 
AMS19 .019 X .025 .01904.±_.00012 .02502.±_.00016 
AMS21 .021 X .025 .02093.±_.00012 .02497.±_.00004 
AMC16 .016 X .022 .01613.±_.00015 .02208.±_.00015 
AMC17 .017 X .025 .01725.±_.00011 .02516.±_.00010 
AMC18 .018 X .025 .01799.±_.00011 .02504.±_.00019 
AMC21 .021 X .025 .02096.±_.00023 .02479.±_.00012 
-----------------------------------------------------------
OS16 .016 X .022 .01622.±_.00003 .02221.±_.00023 
0S17 .017 X .025 .01713.±_.00003 .02498.±_.00010 
0S18 .018 X .025 .01805.±_.00012 .02505.±_.00013 
0S19 .019 X .025 .01915.±_.00012 .02507.±_.00005 
0S21 .021 X .025 .02122.±_.00010 .02516.±_.00009 
OC16 .016 X .022 .01634.±_.00016 .02204.±_.00020 
OC17 .017 X .025 .01735.±_.00022 .02490.±_.00022 
OC18 .018 X .025 .01825.±_.00008 .02504.±_.00018 
OC19 .019 X .025 .01928.±_.00009 .02515.±_.00028 
------------------------------------------------------------
* See Table I for description. 
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TABLE II (CONT'D.) 
-------------------------------------·----------------------
WIRE NOMINAL MEASURED MEASURED 
CODE"' DIMENSION HEIGHT(a) WIDTH(b) 
---------·--------------------------------------------------
OT16 .016 X .022 . 01610.:.!:_. 00031 "'"' .02176.:.!:_.09034 
OT17 .017 X .025 .01717+.00003 .02454.:.!:_.00020 
OT175 .0175X .0175 .01725.:.!:_.00016 .01763.:.!:_.00007 
OT19 .019 X .025 .01894+.00022 .02503.:.!:_.00027 
OT21 .021 X .025 .02109.:.!:_.00010 .02461.:.!:_.00022 
ON16 .016 X .022 .01623.:.!:_.00006 .02209.:.!:_.00012 
ON17 .017 X .025 .01740.:.!:_.00023 .02525.:.!:_.00015 
ON18 .018 X .025 .01811.:.!:_.00008 .02497.:.!:_.00021 
ON19 .019 X .025 .01942+.00013 .02487.:.!:_.00010 
-----------------------------------------------------------
LS16 .016 X .022 .01626.:.!:_.00006 .02223.:.!:_.00017 
LS17 .017 X .025 .01688.:.!:_.00017 .02492+.00014 
LS18 .018 X .025 .01804.:.!:_.00004 .02510+.00006 
LS19 .019 X .025 .01906.:.!:_.00008 .02482.:.!:_.00013 
LS21 .021 X .025 .02104.:.!:_.00012 .02512.:.!:_.00014 
-----------------------------------------------------------
MS16 .016 X .022 .01602.:.!:_.00014 .02183.:.!:_.00011 
MS17 .017 X .025 .01697.:.!:_.00020 .02506.:.!:_.00026 
MS18 .018 X .025 .01824.:.!:_.00012 .02492.:.!:_.00008 
MS19 .019 X .025 .01932.:.!:_.00010 .02504+.00015 
MS21 .021 X .025 .02079.:.!:_.00006 .02482+.00015 
-----------------------------------------------------------
RS16 .016 X .022 .01613.:.!:_.00009 .01970.:.!:_.00010 
RS17 .017 X .025 .01710.:.!:_.00014 .02511.:.!:_.00013 
RS18 .018 X .025 .01806.:.!:_.00016 .02503.:.!:_.00012 
RS21 .021 X .025 .02082.:.!:_.00014 .02502.:.!:_.00010 
RC16 .016 X .022 .01620.:.!:_.00018 .02204.:.!:_.00009 
RC17 .017 X .025 .01709.:.!:_.00011 .02490.:.!:_.00009 
RC18 .018 X .025 .01788.:.!:_.00017 .02489.:.!:_.00005 
RC21 .021 X .025 .02091.:.!:_.00006 .02522.:.!:_.00009 
RN16 .016 X .022 .01638.:.!:_.00005 .02240.:.!:_.00006 
RN17 .017 X .025 .01717.:.!:_.00020 .02523.:.!:_.00009 
RN18 .018 X .025 .01797.:.!:_.00047 .02444.:.!:_.00009 
RN19 .019 X .025 .01912.:.!:_.00008 .02510.:.!:_.00008 
RN21 .021 X .025 .02123.:.!:_.00010 .02479.:.!:_.00012 
-----------------------------------------------------------
* See Table I for description. 
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TABLE II (CONT'D.) 
. WI RE NOMINAL MEASURED MEASURED 
CODE* DIMENSION HEIGHT(a) WIDTH(b) 
---~--
------------------------------------------------------
TS16 .016 X .022 .01635!_.00006** .02219!_.00009 
TS17 .017 X .025 .01718+.00007 .02504!_.00008 
TS18 .018 X .025 .01811+.00010 .02529!_.00002 
TS19 .019 X .025 .01909!_.00006 .02490!_.00013 
TNJ6 .016 X .022 .01584!_.00011 .02203!_.00014 
TN17 .017 X .025 .01736!_.00012 .02518+.00004 
TN19 .019 X .025 .01945+.00008 .02516!_.00018 
TN21 .021 X .025 .02143+.00014 .02488+.00026 
-----------------------------------------------------------
US16 .016 X .022 .01602+.00012 .02248+.00008 
US17 .017 X .025 .01698!_.00015 .02533!_.00011 
US18 .018 X .025 .01792+.00011 .02555+.00009 
US19 .0]9 X .025 .01892!_.00022 .02594!_.00022 
US21 .021 X .025 .02114+.00014 .02546+.00012 
UN17 .017 X .025 .01690!_.00025 .02453!_.00012 
UN18 .018 X .025 .01763+.00009 .02419+.00006 
UN19 .019 X .025 .01896+.00007 .02411+.00007 
UN21 .021 X .025 .02017+.00007 .02414+.00015 
-----------------------------------------------------------
* See Table I for description. 
** Mean + 1 S.D. 
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TABLE Ill 
COMPARISON OF THEORETICAL DIAGONALS AND EFFECTIVE DIAGONALS(INCHES) 
WIRE 
CODE"' 
AS16 
AS17 
AS18 
AS19 
AS21 
AN16 
AN17 
AN18 
AN19 
AN21 
AMS16 
AMS17 
AMS18 
AMS19 
AMS21 
AMC16 
AMC17 
AMC18 
AMC21 
THEORETICAL 
DIAGONAL"'"' 
.02724 
.03053 
.03060 
.03147 
.03290 
.02758 
.03061 
.03076 
.03140 
.03230 
.02729 
.03048 
.03094 
.03144 
.03258 
.02734 
.03045 
.03083 
.03246 
EFFECTIVE 
DIAGONAL"'"'"' 
(CLOCKWISE) 
.02479.±.,00009"'"'"'"' 
.02674.±.,00007 
.02721!_.00022 
.02824.:!::_.00012 
.03037.:!::_.00009 
.02493_:t.00076 
.02732.:!:_.00047 
.02865.:_.00057 
.02899.:!:_.00036 
.03000.:!:_.00025 
.02463+.00012 
.02710.:!:_.00006 
.02782.:!:_.00004 
.02730.:!:_.00006 
.03044.:!:_.00013 
.02471.:!:,.00008 
.02579.:_.00023 
.02765.:!:_.00011 
.02887.:!:,,00025 
EFFECTIVE 
DIAGONAJ, 
(COUNTERCLOCKWISE) 
.02435.:!:_.00017 
.02647.±.,00013 
.02717.:!::_.00012 
.02821.:!::_.00007 
.02996.:!:_.00021 
.02498.:!:_.00058 
.02787_:t.00023 
.02824,:t.00060 
.02920.:!:_.00042 
.03013_:t.00024 
.02473,:t.00020 
.02700.:!:_.00013 
.02785_:t.00025 
.02714.:!:_.00007 
.03045.:!:,,00010 
. 02480.:!:,. 00011 
.02591.:!:_.00012 
.02777.:!:_.00006 
.02896.:!:_.00015 
----------------------------------------------------------------------
OS16 .02750 .02405.:!:_.00073 .02394.:!:,,00084 
OS17 .03029 .02643.:!:_.00021 .02642.:!:_.00012 
OS18 .03088 .02808.:_.00014 .02784.:_.00010 
OS19 .03155 .02987.:_.00018 .02961.:_.00018 
OS21 .03291 .03012.:_.00018 .03042.:_.00018 
OC16 .02744 .02247.:_.00010 .02243_±..00017 
OC17 .03750 .02565_±..00034 .02590_±..00030 
OC18 .03099 .02700_±..00027 .02676_±..00010 
OC19 .03169 .02774_±..00021 .02769_±..00009 
----------------------------------------------------------------------
* See Table I for description. 
WIRE 
CODE"' 
OT16 
OT17 
OT175 
OT19 
OT21 
ON16 
ON17 
ON18 
ON19 
THEORETICAL 
DIAGONAL"'"' 
.02707 
.02995 
.02466 
.03139 
.03141 
.02741 
.03067 
.03085 
.03155 
TABLE III (CONT'D.) 
EFFECTIVE 
DIAGONAL"'"'"' 
(CLOCKWISE) 
.02200.:t_.00139"'"'"'"' 
.02647.:t_.00125 
.02082,:t.00026 
.02666.:t_.00156 
.02887+.00017 
. 02258,:t. 00016 
.02510,:t.00015 
.02534.:t_.00014 
.02555,:t.00019 
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EFFECTIVE 
DIAGONAL 
(COUNTERCLOCKWISE) 
.02170.:t_.00144 
.02615,:t.00092 
.02704,:t.00013 
.02646.:t_.00145 
.02873,:t.00035 
.02217,:t.00028 
.02475,:t.00020 
.02507.:t_.00023 
.02532,:t.00015 
----------------------------------------------------------------------
LS16 .02754 .02409.:t_.00007 .02417,:t.00005 
LS17 .03010 .02710,:t.00017 .02706,:t.00019 
LS18 .03091 .02819.:t_.00009 .02808,:t.00030 
LS19 .03129 .02918,:t.00021 .02909,:t.00046 
LS21 .03277 .03052.:t_.00020 .03034+.00011 
MS16 .02708 .02330,:t.00009 .02350,:t.00013 
MS17 .03027 .02722,:t.00020 .02691,:t.00022 
MS18 .03088 . 02730,:!:. 00011 .02714,:t.00010 
MS19 .03163 .02733,:t.00010 .02725,:t.00006 
MS21 .03238 .02962.:t_.00020 .02970+.00022 
RS16 .02546 .02289.:!:_.00026 .02266,:t.00017 
RS17 .03038 .02707,:t.00023 .02694,:t.00028 
RS18 .03087 .02735,:t.00017 .02721,:t.00041 
RS21 .03255 .02762,:t.00014 .02766,:t.00012 
RC16 .02735 .02465,:t.00009 .02435,:t.00014 
RC17 .03020 .02558,:t.00009 .02561+.00019 
RC18 .03065 . 02715,:t. 00007 .02722,:t.00016 
RC21 .03276 .02541,:t.00022 .02518,:t.00024 
RN16 .02775 . 02211,:t. 00011 .02216,:t.00018 
RN17 .03052 .02525,:t.00024 .02519,:t.00044 
RN18 .03034 .02393_:t.00021 .02393_:t.00019 
RN19 .03155 . 02488,:!:.00016 .02481;!:_.00023 
RN21 .03264 .02594_:t.00023 .02581;!:_.00014 
----------------------------------------------------------------------
* See Table I for description. 
. WIRE 
CODE* 
TS16 
TS17 
TS18 
TS19 
TN16 
TN17 
TN19 
TN21 
US16 
US17 
US18 
US19 
US21 
UN17 
UN18 
UN19 
UN21 
THEORETICAL 
DIAGONAL''"" 
.02756 
.03037 
. 03111 
.03673 
.02713 
.03058 
.03180 
.03284 
.02760 
.03050 
.03121 
. 03211 
.03309 
.02979 
.02993 
.03067 
.03146 
TABLE III (CONT'D.) 
EFFECTIVE 
DIAGONAL*"'* 
(CLOCKWISE) 
. 02489.:.,00010"'"'"'"' 
.02737.:..00009 
.02930+.00006 
.02787.:..00014 
.02171.:..00076 
.02622.:,.00014 
.02530.:..00038 
.02498.:t,00066 
.02423.:t.00028 
.02624.:..00018 
.02718.:t,00016 
.02796+.00017 
.02658+.00061 
.02391.:t.00014 
.02383.:.,00008 
.02408.:t,00013 
.02558.:.,00015 
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EFFECTIVE 
DIAGONAL 
(COUNTERCLOCKWISE) 
. 
.02505.:..00007 
.02745.:t.00022 
.02915.:t.00008 
.02768.:..00016 
.02146.:t.00070 
.02612.:t.00027 
.02500.:..00031 
.02486.:t.00075 
.02393.:t.00038 
.02618.:t.00021 
. 02713+. 00010 
.02783+.00014 
.02626.:.,00033 
.02394.:..00013 
.02371.:t,00008 
.02386.:t,00013 
.02552+.00017 
----------------------------------------------------------------------
* See Table I for description. 
** diagonal from measured height and width of sectioned wire 
assuming square edge. 
*** The innermost and shortest diagonal on the cross section of the 
of the bevel edge rectangular wire. 
See discussion for description. 
****Mean+ 1 S.D. 
WIRE 
CODE"' 
TABLE IV 
BEVEL EDGE CONTRIBUTION ANGLES OF ORTHODONTIC 
RECTANGULAR WIRES WITHIN NOMINAL SLOT SIZE 
APPLIANCES (DEGREES) 
SLOT THEORETICAL ACTUAL 
SIZE DEFLECTION DEFLECTION 
(INCHES) ANGLE"'"' ANGLE"'"'"' 
40 
BEVEL EDGE 
CONTRIBUTION 
ANGLE"'"'"'"' 
----------------------------------------------------------------------
AS16 .018 5.0 6.0 1.0 
AS17 .018 1.8 2.3 0.5 
AS18 .022 9.9 12.6 2.7 
AS19 .022 6.7 8.3 1.6 
AS21 .022 2.2 2.6 0.4 
AN16 .018 4.6 5.5 0.9 
AN17 .018 1.8 2.1 0.3 
AN18 .022 9.8 11.3 1. 5 
AN19 .022 7.0 8.1 1.1 
AN21 .022 2.6 3.0 0.4 
AMS16 .018 5 .1 6.1 1. 0 
AMS17 .018 1.6 2.0 0.4 
AMS18 .022 9.8 12.0 2.2 
AMS19 .022 7.1 9.6 2.5 
AMS21 .022 2.5 2.8 0.3 
AMC16 .018 5.0 6.0 1.0 
AMC17 .018 2.0 2.6 0.6 
AMC18 .022 9.8 12.1 2.3 
AMC21 .022 2.5 3.1 0.6 
OS16 .018 4.7 6 .1 1.4 
0S17 .018 2.0 2.5 0.5 
0S18 .022 9.7 11. 7 2.0 
0S19 .022 6.8 7.7 0.9 
0S21 .022 1.8 2.1 0.3 
OC16 .018 4.5 6.6 2.1 
OC17 .018 1.1 2.0 0.9 
OC18 .022 9.1 12.2 3.1 
OC19 .022 6.5 8.5 2.0 
----------------------------------------------------------------------
* See Table I for description. 
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TABLE IV (CONT'D.) 
WIRE SLOT THEORETICAL ACTUAL BEVEL EDGE 
CODE'" SIZE DEFLECTION DEFLECTION CONTRIBUTION 
(INCHES) ANGLE"'* ANGLE"'"'"' ANGLE"'"'"'"' 
-----------------------------------------------------------------
OT16 .018 5.2 8.1 2.~ 
OT17 .018 2.0 2.5 0.5 
OT175 .018 2.5 3.9 1.4 
OT19 .022 7.4 10.4 3.0 
OT21 .022 2.3 2.7 0.4 
ON16 .018 4.7 7 .1 2.4 
ON17 .018 1.4 2.0 0.6 
ON18 .022 9.5 15.9 5.4 
ON19 .022 6.2 10.2 4.0 
LS16 .018 4.6 5.9 1.3 
LS17 .018 2.6 3.1 0.5 
LS18 .022 9.7 11.6 1.9 
LS19 .022 7.2 8.2 1.0 
LS21 .022 2.2 2.6 0.4 
---------------------------------------------------------------------
MS16 .018 5.4 7.1 1. 7 
MS17 .018 2.4 2.9 0.5 
MS18 .022 9.2 11.9 2.7 
MS19 .022 6.4 8.7 2.3 
MS21 .022 2.9 3.4 0.5 
RS16 .018 5.7 7.1 1.4 
RS17 .018 2.1 2.5 0.4 
RS19 .022 9.7 12.3 2.6 
RS21 .022 2.8 3.9 1.1 
RC16 .018 4.8 5.9 1.1 
RC17 .018 2.1 2.8 0.7 
RC19 .022 10.2 12.9 2.7 
RC21 .022 2.5 4.7 2.2 
RN16 .018 4.3 6.7 2.4 
RN17 .018 1.9 2.6 0.7 
RN18 .022 10.2 18.2 8.0 
RN19 .022 6.9 12.0 5.0 
RN21 .022 1.8 3.1 1.3 
---------------------------------------------------------------------
* See Table I for description. 
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TABLE IV (CONT'D.) 
WIRE SLOT THEORETICAL ACTUAL BEVEL EDGE 
CODE"' SIZE DEFLECTION DEFLECTION CONTRIBUTION 
(INCHES) ANGLE"'"' ANGLE"'"'"' ANGLE"'"'"'"' 
----------------------------------------------------------------------
TS16 .018 4.4 5.3 0.9 
TS17 .018 1. 9 2.2 0.3 
TS18 .022 9.4 10.6 1. 2 
TS19 .022 5.5 9.0 3.5 
TN16 .018 5.8 9.3 3.5 
TN17 .018 1.5 1. 9 0.4 
TN19 .022 6.1 10.4 4.3 
TN21 .022 1.3 2.7 1.4 
----------------------------------------------------------------------
US16 .018 5.2 6.7 
US17 .018 2.3 3.0 
US18 .022 9.8 12.8 
US19 .022 7.2 9.4 
US21 .022 2.0 3.3 
UN17 .018 2.6 3.9 
UN18 .022 11. 2 19.9 
UN19 .022 7.7 14.4 
UN21 .022 4.5 7.3 
* See Table I for description. 
** Deflection angle from measured height and width of wire 
assuming square corners within nominal size bracket slot. 
1. 5 
0.7 
3.0 
2.2 
1.3 
1.3 
8.7 
6.7 
2.8 
*** Deflection angle of bevel edge wire within nominal size bracket 
slot. Entries are the mean of clockwise and counterclockwise 
deflection angle. 
**** The discrepancy between theoretical deflection angle and 
actual deflection angle. 
CHAPTER V 
DISCUSSION 
As mentioned previously, torquing force delivery is 
one of the most important factors in orthodontic treatment 
especially when the bodily movements of teeth with adequate 
axial inclinations are required. This root control could 
be accomplished only by proper torquing force. Therefore, 
understanding the interactions of the wire-bracket 
combination on torque is a prerequisite for orthodontists 
to achieve the better results. 
Generally, appliance tolerance and edge bevel 
effects of rectangular wire are considered as main 
attributing factors for the lack of torque control within 
bracket slot even though many other factors might be 
involved in. Several authors 1 '· 18 • 22 • 2 ' have investigated 
the appliance tolerance and concluded a great deal of 
inconsistency of lumen in shape and size affects the 
rotational degrees of rectangular wire. Many 
studies 18 • 19 • 29 • 30 ~ 34 also have been done to measure the 
actual deflection angles from various wire-bracket 
combinations. Dellinger 18 introduced the equation for the 
theoretical deflection angle of a square edge wire within 
bracket and compared the nominal with the maximum tolerance 
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deflection angle. 
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He pointed out the importance of 
manufacturing tolerances for wire which might cau~e the 
lack of torque control. 
Few studies, however, have been performed to study 
the geometry of rectangular wire and its effects on torque. 
Molina 23 investigated the cross sectional geometry and 
dimensions of orthodontic rectangular wires from eight 
different manufacturers. In his study, there were 
variations in the shape of corners depending upon the 
manufacturer, which can affect the efficacy of the 
appliance to produce torquing moment on the tooth. 
Unfortunately, the geometrical explanation between the 
bevel edge wire and the bracket were not found in previous 
studies. In order to understand the influence of the wire 
geometry on torque, it is required to explain this 
relationship precisely. 
On the assumption that wires are uniform with square 
edges, following deduction could be made based on Fig.9: 
1. In triangle AA1A2, Sin O = K/b---------------( 1) 
2. Triangle AA1A2 and 8182A are similar because of 
the same amount of angles as shown in Figure 9. 
So a : b = (c-K) A1A2 could be derived. 
According to this, A1A2 = b(c-K)/a-----------(2) 
3. Since AA1A2 is a right-angled triangle, 
b 2 K2 + (A1A2) 2 
b 2 K2 + b 2 (c-K) 2 /a 2 could be derived by 
substituting (2) for A1A2. 
If we get K f.rom 
this quadratic equation, 
K = b(bc~a/a 2 +b 2 -c 2 )/(a 2 +b 2 )-----------------(3) 
Figure 9: wire-bracket binding of edge bevel 
rectangular wire. 
Where: 8 = Theoretical deflection angle 
a= vertical dimension of wire 
b = horizontal dimension of wire 
c = vertical dimension of lumen 
K = length from A to Al 
4. If K value in equation (1) is replaced by (3), 
Sin 8 = ---------------
5. The above equation (3) yields two values, but the 
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larger of which can be disregarded because it makes 
0 more than 60 degrees which is impractical in 
wire-bracket combination. 
6. Therefore the conclusion will be as follows: 
0 Arc sin 
Now the equation of the theoretical deflection angle 
for square edge is deduced. In fact, making rectangular 
wire with square corners is impractical not only because of 
the difficulties in technology but also because of 
difficulties of manipulation of the square edge wire 
without cutting fingers. If so, it is necessary for 
orthodontists to understand how the bevel edge rectangular 
wire reacts differently with the slot of bracket. 
As we can see in Fig.10, the diagonal of dl always 
has priority in binding with the lumen surface during 
rotation because contact points A and Al need less 
deflection angle than the others. In other words, d2 never 
has the chance for binding with lumen unless dl misses it. 
The same relationship could be anticipated between d2 and 
d3. Then, when does dl miss its priority? The only 
occasion that dl is missing the chance for binding is when 
dl is shorter than the vertical dimension of lumen. In 
this circumstance, the contact point A and Al will rotate 
within the slot just like round wire. 
will take over the priority of dl. 
Subsequently, d2 
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This situation, however, is impossible to occur 
practically. As long as dl is longer than vertical 
dimension of the lumen, 
bracket slot. 
it always will bind with the 
Figure 10: Wire-bracket binding of bevel edge 
rectangular wire. 
Where: A,Al The initiating points of bevel edge 
in horizontal portion of wire. 
B,B1 The middle points of bevel edge. 
C,Cl = The initiating points of bevel edge 
in vertical portion of wire. 
dl = Diagonal of AAl 
d2 = Diagonal of B81 
d3 = Diagonal of CCl 
Accordingly, dl should be considered as the 
effective diagonal which truly determines the deflection 
angle of the bevel edge rectangular wire. 
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As a matter of 
fact, dl is shorter than d2 or d3 in rectangula~ wire 
because of the more vertically oriented position than the 
others. Therefore the effective diagonal (dl or AAl) 
could be defined as " The innermost and shortest diagonal 
on the cross section of the bevel edge rectangular wire'' 
either for clockwise or counterclockwise rotation. The 
photograph in Fig.12-D was taken from the cross section of 
an actual binding situation in order to validate the 
effective diagonal by using an .018 x .025 inch wire in a 
.022 inch bracket. 
A 
Figure 11: Actual deflection angle for bevel edge 
rectangular wire within bracket. 
Where: 8 Actual deflection angle 
a= Vertical dimension of wire 
c Vertical dimension of lumen 
d Effective diagonal 
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A,Al = The initiation points of bevel 
edge on horizontal portion of wire 
Since we understand the binding situation of bevel 
edge rectangular wire within the bracket, the deflection 
angle for this situation could be calculated by using the 
effective diagonal. In Fig.11, the deflection angle for 
the edge bevel is exactly the same as that of a square edge 
rectangular wire having a vertical dimension of a and a 
horizontal dimension of ✓d 2 -a 2 • If the values of a and 
✓ d 2 -a 2 are substituted for the height and width in the 
previous equation which we derived from the theoretical 
situation (Fig.9}. A new formula for the bevel edge 
rectangular wire could be made as follows: 
8= Arc Sin 
c jct 2 -a 2 - aJd 2 - c 2 
d2 
As noted from the above equation, the deflection 
angle of bevel edge rectangular wire is influenced by the 
effective diagonal, vertical dimension of wire, and 
vertical dimension of lumen. The larger the effective 
diagonal and vertical dimension of the wire, the less 
deflection angle can be expected. Interestingly, the 
horizontal dimension of the wire has an indirect effect on 
the deflection angle by changing the effective diagonal 
even though it does not appear in this equation. So it is 
feasible that the lack of torquing control due to the bevel 
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edges could be compensated by manufacturing an oversized 
wire. 
It was found in this study the general geometry of 
bevel edges in stainless steel and Co-Cr alloy were 
superior to Ti-Mo or Ni-Ti alloy, but the actual deflection 
angles for these two groups were close (Table IV). This 
could be explained by the fact that the dimensions of Ti-Mo 
and Ni-Ti alloys were more oversized than the stainless or 
Co-Cr alloys in order to compensate for the effects of the 
bevel edges (Table II). 
The effects of bevel edge on torque could be 
calculated separately, 
angle. This angle 
so called, bevel edge contribution 
was obtained by subtracting the 
theoretical deflection angle 
angle. Based on the data 
varied from 0.3 to 8.7 
from the actual deflection 
from this study, this angle 
degrees depending on the 
manufacturer's quality control. For instance, in a .018 x 
.025 inch Ni-Ti alloy, "A" Company showed 1.5 degrees 
compared to 8.7 from Unitek and 8.0 from Rocky Mountain 
within .022 inch slot (Table IV). Even though almost 400 
pieces of orthodontic rectangular wires were used in this 
study, the random sampling may not represent a statistical 
sample which might affect company to company evaluation of 
their products. However, specific evaluation of brands was 
not the objective of this study. Further study with large 
sample size may need to be done for comparison. 
A B C 
D E F 
G H 
Figure 12: Photomicrographs of orthodontic rectangular wires 
shown in cross section, 32x. (A,B,C,D 80x) 
A: .016 x .022 ·inch 
8: .017 x .022 inch 
C: .016 x .022 inch 
Ni - Ti alloy 
stainless steel 
stainless steel 
T- P Orthodontics 
Lancer Pacific 
Masel 
D: Cross section of actual wire-bracket binding 
. 018 x . 025 inch wire, . 022 inch slot 
E: . 016 x . 022 inch stainless steel 
F: .017 x .025 inch stainless steel 
G: . 018 x . 025 inch stainless steel 
H: . 019 x . 025 inch stainless steel 
I: . 021 x . 025 inch stainless steel 
"A" 
"A" 
"A" 
"A" 
"A" 
Company 
Company 
Company 
Company 
Company 
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A B C 
D E F 
G H 
Figure 13: Photomicrographs of orthodontic rectangular 
wires shown in cross section, 32x. 
A: .016 X .022 inch Ni - Ti alloy "A" Company 
B: .017 X . 025 inch Ni - Ti alloy "All Company 
C: .018 X .025 inch Ni-Ti alloy IIA" Company 
D: . 019 X .025 inch Ni-Ti alloy "A" Company 
E: .021 X .025 inch Ni - Ti alloy "A'I Company 
F: . 016 X . 022 inch Stainless steel American ortho . 
G: . 017 X . 025 inch Stainless steel American ortho . 
H: . 018 X .025 inch Stainless steel American ortho. 
I: .019 X .025 inch Stainless steel American ortho. 
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A B C 
D E F 
G H 
Figure 14: Photomicrographs of orthodontic rectangular 
wires shown in cross section, 32x. 
A: .021 X .025 inch Stainless steel American Ortho. 
B: .016 X .022 inch Co-Cr alloy American Ortho. 
C: .017 X .025 inch Co-Cr alloy American Ortho . 
D: .018 X .025 inch Co-Cr alloy American Ortho. 
E: .021 X .025 inch Co-Cr alloy American Ortho. 
F: .016 X . 022 inch Stainless steel American Ormco 
G: .017 X .025 inch Stainless steel American Ormco 
H: .018 X .025 inch Stainless steel American Ormco 
I: .019 X .025 inch Stainless steel American Ormco 
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A B C 
D E F 
G H 
Figure 15: Photomicrographs of orthodontic rectangular 
wires shown in cross section, 32x. 
A: .021 X .025 inch Stainless steel American Ormco 
8: .016 X .022 inch Co-Cr alloy American Ormco 
C: .017 X .025 inch Co - Cr al lay American Ormco 
D: .018 X .025 inch Co-Cr alloy American Ormco 
E: .019 X .025 inch Co-Cr alloy American Ormco 
F: .016 X .022 inch Ti - Mo alloy American Ormco 
G: .0175 X .0175inch Ti - Mo alloy American Ormco 
H: .017 X .025 inch Ti - Mo alloy American Ormco 
I: .019 X .025 inch Ti - Mo alloy American Ormco 
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A B C 
D E F 
G H 
Figure 16 Photomicrographs of orthodontic rectangular 
wires shown in cross section , 32x. 
A: . 021 X .025 inch Ti-Mo alloy American Ormco 
B: .016 X .022 inch Ni - Ti alloy American Ormco 
C: .017 X . 025 inch Ni-Ti alloy American Ormco 
D: .018 X .025 inch Ni - Ti alloy American Ormco 
E: .019 X . 025 inch Ni - Ti alloy American Ormco 
F : .016 X .022 inch Stainless steel Lancer Pacific 
G: .017 X . 025 inch Stainless steel Lancer Pacific 
H: .018 X .025 inch Stainless steel Lancer Pacific 
I: . 019 X . 025 inch Stainless steel Lancer Pacific 
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A B C 
D E F 
G H 
Figure 17 : Photomicrographs of orthodontic rectangular 
wires shown in cross section , 32x . 
A: .021 X .025 inch Stainless steel Lancer Pacific 
B: .016 X .022 inch Stainless steel Masel 
C: . 017 X .025 inch Stainless steel Masel 
D: .018 X .025 inch Stainless steel Masel 
E: .019 X .025 inch Stainless steel Masel 
F: . 021 X .025 inch Stainless steel Masel 
G: . 016 X .022 inch Stainless steel Rocky Mountain 
H: .017 X . 025 inch Stainless steel Rocky Mountain 
I : .018 X .025 inch Stainless steel Rocky Mountain 
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A B C 
D E F 
G H 
Figure 18: Photomicrographs of orthodontic rectangular 
wires shown in cross section, 32x . 
A: .021 X . 025 inch Stainless steel Rocky Mountain 
B: . 016 X .022 inch Co- Cr alloy Rocky Mountain 
C: . 017 X . 025 inch Co- Cr alloy Rocky Mountain 
D: . 018 X .025 inch Co- Cr alloy Rocky Mountain 
E: . 021 X . 025 inch Co-Cr alloy Rocky Mountain 
F: . 016 X .022 inch Ni-Ti alloy Rocky Mountain 
G: .017 X .025 inch Ni - Ti alloy Rocky Mountain 
H: . 018 X . 025 inch Ni - Ti alloy Rocky Mountain 
I : .019 X .025 inch Ni - Ti alloy Rocky Mountain 
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A B C 
D E F 
G H 
Figure 19: Photomicrographs of orthodontic rectangular 
wires shown in cross section, 32x. 
A: .021 X .025 inch Ni-Ti alloy Rocky Mountain 
B: .016 X .022 inch Stainless steel T- P Orthodontics 
C: .017 X .025 inch Stainless steel T-P Orthodontics 
D: .018 X .025 inch Stainless steel T- P Orthodontics 
E: . 019 X .025 inch Stainless steel T-P Orthodontics 
F: .016 X .022 inch Ni-Ti alloy T-P Orthodontics 
G: .017 X .025 inch Ni-Ti alloy T-P Orthodontics 
H: .019 X .025 inch Ni-Ti alloy T- P Orthodontics 
I: .021 X .025 inch Ni-Ti alloy T-P Orthodontics 
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A B C 
D E F 
G H 
Figure 20 : Photomicrographs of orthodontic rectangular 
wires shown in cross section, 32x. 
A: . 016 X . 022 inch Stainless steel Unitek 
B: .017 X .025 inch Stainless steel Unitek 
C: . 018 X .025 inch Stainless steel Unitek 
D: .019 X . 025 inch Stainless steel Unitek 
E: . 021 X . 025 inch Stainless steel Unitek 
F: .017 X .025 inch Ni - Ti alloy Unitek 
G: . 018 X .025 inch Ni-Ti alloy Unitek 
H: .019 X . 025 inch Ni - Ti alloy Unitek 
I: .021 X .025 inch Ni - Ti alloy Unitek 
CHAPTER VI 
SUMMARY AND CONCLUSION 
The purpose of this study was to investigate the 
cross sectional geometry of orthodontic rectangular wires 
and its effects on torquing force delivery. Se v en p•i e c e s 
of orthodontic rectangular wires from eight different 
companies were selected at random in terms of various 
sizes and alloys . For .018 slot appliance, .016 x .022 and 
.017 X . 025 inch wires were employed as common sizes. For 
.022 slot appliance, .018 x .025, .019 X .025, and .021 
x.025 inch wires were employed for the same reason. Wires 
of different alloy composition were investigated as 
follows: Stainless steel, Co-Cr alloy, Ti-Mo alloy, and 
Ni-Ti alloy. 
Specimens consisting of seven sectioned wires of 
each size were prepared in such a way that wires were 
placed perpendicular to the surface of the mounting. 
Special cares were taken to avoid burnishing effects during 
preparation. Five of them were measured in height, width, 
and effective diagonals for clockwise and counterclockwise 
rotations with the Nikon Profile Projector V-12 at 100x 
magnification. To evaluate and analyze the geometry of 
orthodontic wires, photomicrographs were taken with the 
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Unitron Metallographic Microscope, 
adapter using a xenon light. 
equipped Olympus OM 2 
Based on this study, the following conclusions could 
be made: 
1. Overall dimensions of orthodontic rectangular wires were 
slightly larger compared to nominal sizes represented by 
the manufacturers. The dimensions of TMA and Ni-Ti 
alloys were more oversized than stainless or Co-Cr 
alloys. 
2. Effective diagonal is defined as "The innermost and 
shortest diagonal on the cross section of bevel edge 
rectangular wire". It truly determines the deflection 
angle of bevel edge rectangular wire within the bracket. 
The length of this diagonal can be influenced by the 
quality of bevel edges as well as the dimensions of 
rectangular wire. Since TMA and Ni-Ti alloys had more 
rounded corners, effective diagonals for these were 
shorter than those of corresponding sizes of stainless 
steel or Co-Cr alloys. 
3. The equation for the deflection angle of bevel edge 
rectangular wire was derived as follows: 
(J = 
Where: (J = 
a = 
C = 
d = 
c/d 2 -a 2 -a/ d 2 - c 2 
Arc Sin------- - ----
da 
actual deflection angle 
vertical dimension of wire 
vertical dimension of lumen 
effective diagonal 
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4. It was found the general geometry of bevel edges in 
stainless steel and Co-Cr alloy were superior to TMA or 
Ni-Ti alloy, but the actual deflection angles for these 
two groups were close. This could be explained by the 
fact that the dimensions of TMA and Ni-Ti alloys were 
more oversized than the stainless or Co-Cr alloys. 
5. Bevel edge contribution angles, the differences between 
theoretical and actual deflection angles, ranged from 
0.3 to 8.7 degrees. Larger contribution angles 
associated with bevel edges in TMA and Ni-Ti alloys were 
observed as expected. 
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